To accumulate information on the coding sequences of unidentified genes, we have carried out a sequencing project of human cDNA clones which encode large proteins. We herein present the entire sequences of 100 cDNA clones of unidentified human genes, named KIAA1776 and KIAA1780-KIAA1878, from size-fractionated cDNA libraries derived from human fetal brain, adult whole brain, hippocampus and amygdala. Most of the cDNA clones to be entirely sequenced were selected as cDNAs which were shown to have coding potentiality by in vitro transcription/translation experiments, and some clones were chosen by using computer-assisted analysis of terminal sequences of cDNAs. Three of these clones (fibrillin3/KIAA1776, MEGF10/KIAA1780 and MEGF11/KIAA1781) were isolated as genes encoding proteins with multiple EGF-like domains by motif-trap screening. The average sizes of the inserts and corresponding open reading frames of cDNA clones analyzed here reached 4.7 kb and 2.4 kb (785 amino acid residues), respectively. From the results of homology and motif searches against the public databases, the functional categories of the predicted gene products of 54 genes were determined; 93% of these predicted gene products (50 gene products) were classified as proteins related to cell signaling/communication, nucleic acid management, or cell structure/motility. To collect additional information on these genes, their expression profiles were also studied in 10 human tissues, 8 brain regions, spinal cord, fetal brain and fetal liver by reverse transcription-coupled polymerase chain reaction, products of which were quantified by enzyme-linked immunosorbent assay. Key words: large proteins; in vitro transcription/translation; cDNA sequencing; expression profile; motif-trap screening; brain Since the publication of the Saccharomyces cerevisiae genome in 1996, 1 over 30 genomes have been completely sequenced from different organisms including nematode, fly and plant.
Since the publication of the Saccharomyces cerevisiae genome in 1996, 1 over 30 genomes have been completely sequenced from different organisms including nematode, fly and plant. [2] [3] [4] In view of the wealth of information provided by the whole genome, the complete catalog of proteins encoded by the genome in a single organism has great biological significance. Recent publications of the human genome draft sequence are landmarks in mammalian genomics and are expected to enable us to obtain a complete catalog of human proteins. These articles suggested that there were only about 30,000-40,000 protein-coding genes in the genome, 5, 6 but the complete catalog of human proteins is still beyond our reach. This is mainly due to the fact that most of protein-coding regions in human genes are divided into small pieces along the genome by introns of diverged Communicated by Michio Oishi * To whom correspondence should be addressed. Tel. +81-438-52-3930, Fax. +81-438-52-3931, E-mail: nagase@kazusa.or.jp sizes. One of the most promising ways to obtain the complete human protein catalog would be to integrate cDNA sequence data with genomic sequence data. In addition to complementing genomic data, cDNA clones entirely sequenced serve as an important set of reagents for the functional analysis of human genes. Therefore, we have been conducting a human cDNA sequencing project to accumulate information regarding the coding sequences of unidentified genes since 1994. 7, 8 Although other groups have recently started similar cDNA sequencing projects, 9,10 our project is unique in that we have focused our sequencing efforts on large cDNAs encoding large proteins.
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As an extension of our cDNA project, we herein report the predicted coding sequence of 100 new cDNA clones which have the potential to code for large proteins. Several cDNA clones derived from known genes were also characterized in this study because our cDNA sequences contain longer protein-coding regions than those in the known cDNA sequences or because we have additional information such as splicing variation. Together with the expression profiles and the chromosomal locations of these 100 new genes, the results of computer analysis of amino acid sequences of their predicted products are also described.
Sequence Analysis and Prediction of Protein-Coding Regions in cDNA Clones
One hundred cDNA clones longer than 4 kb were isolated from the size-fractionated cDNA libraries derived from human fetal whole brain (71 clones), adult whole brain (18 clones), adult hippocampus (10 clones) and amygdala (1 clone). All of the cDNA libraries were constructed according to the method previously described.
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The cDNA clones described above were selected as follows and designated using our gene nomenclature system with KIAA plus a 4-digit number: (1) 79 cDNA clones (KIAA1782-KIAA1820, KIAA1833-KIAA1844, KIAA1850 and KIAA1852-KIAA1878) were selected because they could produce protein products with apparent molecular mass larger than 50 kDa in an in vitro transcription/translation system; 11 (2) 12 cDNA clones (KIAA1821-KIAA1832) were expected to encode proteins of more than 400 amino acid residues by mapping of expressed sequence tags (ESTs) in combination with the GENSCAN gene-finding program, which can estimate the protein-coding capacity from the genomic sequences lying between both end single-pass sequences of the corresponding cDNAs; 12,13 (3) 6 cDNA clones (KIAA1845-KIAA1849 and KIAA1851) were chosen as cDNAs with high protein-coding potential on their 5 -end sequences by applying GeneMark analysis; 14 (4) 3 cDNAs (KIAA1776, KIAA1780 and KIAA1781) were identified by the motif-trap screening of multiple EGF-like domains as described previously. 15 In all cases, the cDNA clones with unidentified sequences at both ends were chosen by single-pass sequencing and homology search against GenBank database (release 119.0) excluding ESTs and genomic sequences. 16 Entire sequencing of these clones was performed according to the method previously described in detail.
In general, there is always the possibility that cDNA clones contain spurious coding interruptions caused by reverse transcription errors, retained introns, and/or non-productive splicing. Because the aim of our project is to identify the nucleotide sequences of human functional transcripts, these spurious sequences should be detected and revised as much as possible. For this purpose, we developed a method to systematically detect spurious coding interruptions in cDNA clones using the GeneMark computer program.
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When the cDNA sequences reported in this study were subjected to this analysis, a half of them met the criteria for spurious coding splits. Thus, the cDNA sequences possibly having a spurious coding split were experimentally examined to determine whether or not the predicted coding split in each clone was spurious, according to previously described methods.
18 For 19 cDNA clones (KIAA1781, KIAA1832-KIAA1843, KIAA1845-KIAA1848, KIAA1852 and KIAA1853), we could identify the major transcript sequences corresponding to each clone in brain. The results confirmed that 17 clones actually contained a spurious protein coding sequence (CDS) split, whereas cDNA clones (KIAA1852 and KIAA1853) triggered false-positive alerts by the GeneMark analysis. 18 For these genes, excluding KIAA1852 and KIAA1853, the revised sequences rather than the actual cloned cDNA sequences were deposited to GenBank/EMBL/DDBJ databases and used for prediction of their CDSs unless otherwise stated. The results of the comparison between the cloned DNA and the revised DNA sequences are available through our web site, HUGE (http://www.kazusa.or.jp/huge).
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In contrast to the cases described above, for the remaining 26 cDNA sequences it was difficult to amplify discrete PCR products and confirm authentic CDSs in brain experimentally. Thus, only the largest CDSs in these cloned cDNAs were used for computer analysis even though the multiple CDSs were predicted in the single cDNA sequences. Among them, multiple CDSs of 13 cDNA clones (KIAA1856, KIAA1858-KIAA1865, KIAA1869, KIAA1871, KIAA1874 and KIAA1875) were predicted as contiguous exons in respective cDNA sequences by the GENSCAN program. Notably, two CDSs were predicted in KIAA1851 by GeneMark analysis, one of which was identical to the GDP-mannose pyrophosphorylase B (GMPPB, GenBank accession number; AF135421) gene located 2.4 kb upstream of the largest CDS along the genome. Considering our recent finding that the CHKL and CPT1B genes were contiguously transcribed on a long transcript, we could not rule out the possibility that the KIAA1851 gene was transcribed by an aberrant read-through transcription of the GMPPB gene. 12 The splits of CDSs for two cDNA clones (KIAA1849 and KIAA1850) seemed to result from reverse transcription errors because a single nucleotide was added in the respective cDNA clones compared with the corresponding genomic regions publicly available, and these reverse transcription errors occurred in homopolymeric runs which are known to be hotspots for mutations caused by the reverse transcriptase.
18,20 For these two genes, the revised sequences were deposited to GenBank/EMBL/DDBJ databases and used for prediction of their CDSs.
Although clones for KIAA1813 and KIAA1870 were found to contain an internal Not I site and thus considered to be chimeric, only the nucleotide sequences downstream from the internal Not I sites were determined since the upstream regions likely originated from different genes. 21 In conclusion, the average size of the
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100 cDNA sequences reached 4.7 kb and that of the predicted open reading frames (ORFs) was approximately 785 amino acid residues. Physical maps of the 100 cDNA sequences analyzed are shown in Fig. 1 . The ORFs and the first ATG codons in respective ORFs are indicated by solid boxes and triangles, respectively. Repeat sequences analyzed by the RepeatMasker program are also shown in Fig. 1 . Some genes had 5 -untranslated regions longer than 1 kb. In these cases, the possibility of a retained 5 -intron upstream of the predicted CDS is strongly suspected, since the RNAs used for construction of the cDNA libraries were contaminated with heterogeneous nuclear RNAs. We also cannot completely rule out the possibility of the retention of a 3 -intron downstream of the predicted CDS in our cDNAs, which is probably caused by priming with oligo dT primer from internal poly(A) stretch sequences instead of actual poly(A) tails in transcripts. The cDNAs for at least six genes (KIAA1791, KIAA1820, KIAA1821, KIAA1844, KIAA1868 and KIAA1870) were found to be synthesized by internal priming since canonical poly(A) addition signal sequences were not observed and the ten or more consecutive A residues flanking the 3 -end of the cDNAs were found in the corresponding genomic region.
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Chromosomal loci of 29 newly identified genes were determined using human-rodent hybrid panels, CCR (Coriell Cell Repositories, USA) or GeneBridge 4 (Research Genetics Inc., USA). 23 The chromosomal locations of the 50 genes, which are highlighted by asterisks in Table 1 , were fetched from the UniGene (http://www.ncbi.nlm.nih.gov/UniGene) and the GeneMap '99 (http://www.ncbi.nlm.nih.gov/ genemap99) databases. The chromosomal locations of the remaining 21 genes, which are highlighted by a sharp sign (#) in Table 1 , were referred from the description of the GenBank database or human genome draft sequence (ftp://ncbi.nlm.nih.gov/genomes/H sapiens/).
Functional Classification of Predicted Gene Products
The possible functions of the gene products predicted from the cDNA sequences were classified by the similarities of the sequences against the following public databases: (1) Fifty-four gene products out of the 100 KIAA genes reported here could be functionally annotated either by sequence similarity to functionally known proteins (35 gene products, Table 2-1) or by the presence of functionally characterized protein motifs/domains (19 gene products, Table 2-2) . Notably, 50 gene products (93% of the genes functionally annotated as described above) were suggested to have functions relating to cell signaling/communication, nucleic acid management or cell structure/motility. We tentatively define "homologues" as genes encoding proteins sharing at least 30% of amino acid sequence identity through almost the entire region (more than 80% coverage against the query protein sequence) and take this definition to judge whether or not "homologues" of the KIAA genes described here are present in other organisms. Homology searches against the protein databases deduced from yeast, nematode and fly full genome sequences revealed that KIAA1825 was only the gene commonly shared by the four eukaryotes. The KIAA1825 gene product has a p-type cation-transporting ATPase superfamily signature and thus might play a very basic role in eukaryotic organisms (Table 3) .
While most of the cDNA clones which can code for large proteins have been selected based on the protein-coding potentiality using an in vitro transcription/translation system in our project, in silico analysis of terminal sequences of large cDNA clones has also been applied in parallel to rescue cDNA clones missed during the experimental screening. As an application of this approach, we previously developed a method to identify genes encoding proteins with a specified sequence motif, called motif-trap screening, and thereby discovered nine genes coding for proteins with multiple EGF-like motifs (MEGF1-MEGF9). 15 As an extension of this screening, three genes coding for proteins with EGF-like motifs were isolated in this study. The predicted domain organization of each of these genes (KIAA1776, KIAA1780, and KIAA1781) is shown in Fig. 2A . KIAA1776 is alternatively termed fibrillin3 since the predicted amino acid sequence has an overall identity higher than 60% to either fibrillin 1 or 2.
25,26 KIAA1780 and KIAA1781 are designated also as MEGF10 and MEGF11 following the previous nomenclature system for genes encoding proteins with multiple EGF-like motifs. As shown in Fig. 2B , both of the predicted gene products of MEGF10 and MEGF11 consist of 17 tandem repeats that contain two additional conserved cysteine residues in addition to the consensus EGF-like motif. Similar tantem repeats were also observed in MEGF6 protein. Figure 3 shows the tissue expression profiles of 98 human genes newly identified in this study except for KIAA1829 and KIAA1832. The expression a) Accession numbers of DDBJ, EMBL and GenBank databases. b) Values excluding poly(A) sequences. c) Chromosome numbers identified by using CCR human-rodent hybrid panel unless specified. The actual primer sequences and the PCR conditions used for the radiation hybrid mapping are accessible through the World Wide Web at http://www.kazusa.or.jp/huge. The chromosomal locations highlighted by asterisks were fetched from the UniGene and GeneMap '99 databases. The chromosomal locations highlighted by sharp were referred from the GenBank or NCBI databases. d) Chromosome number determined using a GeneBridge 4 radiation hybrid panel. e) cDNA and ORF lengths were revised by direct analysis of the RT-PCR products. f) cDNA and ORF lengths were revised according to the corresponding genomic sequences. g) Nucleotide sequence of the internal Not I-digested fragment was determined. Therefore, cDNA length of these genes represented that of the internal Not I-digested fragment. h) cDNA clones selected by motif-trap screening. i) cDNA clones selected by the GeneMark program. j) cDNA clones selected by the EST mapping.
Expression Profiles of Predicted Genes
k) The source of tissues from which the cDNAs were derived are indicated as AA; adult amygdala, AB; adult brain, AH; adult hippocampus and FB; fetal brain. 
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T. Nagase et al. 91 profiles in 10 human tissues, 8 brain regions, spinal cord, fetal liver and brain were determined by quantitative RT-PCR coupled with an enzyme-linked immunosorbent assay as described previously. 27 Expression of KIAA1776, KIAA1788, KIAA1807, KIAA1822, KIAA1867 and KIAA1872 are highest in adult brain among the tissues we examined. In contrast, KIAA1787 and KIAA1845 are highly expressed in all tissues and brain regions we examined. Interestingly, regulation of the KIAA1795 gene expression may be important in de- Putative signal and transmembrane sequences are indicated by S and M, respectively. Numerals of the amino acid residues indicated were calculated from the first ATG in their predicted ORFs following an in-frame stop codon, although ">" means that the full protein-coding region has not been isolated yet. (B) The tandem repeats of the amino acid sequence in MEGF10 and MEGF11 proteins were aligned using the PILEUP program in the GCG software package. The tandem repeats contain two cysteine residues in addition to the six cysteine residues that are common in the EGF-like domain. Identical and chemically similar amino acids are indicated by black and gray shading, respectively. MEGF10 and MEGF11 seem to be paralogues because of similarities of their amino acid sequences and domain organizations. The tissue expression levels of the 98 human genes were analyzed using the RT-PCR ELISA according to the methods previously described in detail. 27 The expression profiles of KIAA1829 and KIAA1832 could not be quantified and thus are omitted from this figure. Gene names are given as KIAA numbers at the left side of each set of color codes. Tissue and brain region names are indicated above the top sets of color codes. A color conversion panel shown at the bottom was used for displaying mRNA levels as color codes. The mRNA levels are expressed in equivalent amounts (fg) of the authentic cDNA plasmids in 1 ng of starting poly(A) + RNAs. Besides 10 tissues, 9 regions of the adult central nervous system (amygdala, corpus callosum, cerebellum, caudate nucleus, hippocampus, substantia nigra, subthalamic nucleus, thalamus, and spinal cord) and fetal brain were included in the expression profiling. As a control, mRNA levels in fetal liver were also examined.
velopment of the brain because this gene is not expressed in fetal brain but in fetal liver and adult tissues. Together with the specific sequence features of the predicted gene products and their chromosomal locations, the expression profiles of these new genes in adult tissues, various regions of the central nervous system, and fetal brain provides some important clues as to their biological functions in the nervous system.
